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PREFACE

The final report of the Optical Technology Apollo Extension System prepared for
NASA/ Marshall Space Flight Center under Contract Number NAS8-20256 is presented
in three volumes. The study was a team effort by Chrysler Corporation Space Divi-

sion (prime contractor), Kollsman Instrument Corporation, and Sylvania Electronics
Systems.

The OTAES team gratefully acknowledges the help given by the NASA Ad Hoc working
group during the course of this study.
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EXECUTIVE SUMMARY

THE OPTICAL TECHNOLOGY APOLLO EXTENSION SYSTEM

I. INTRODUCTION

The United States’ lead in the space science applications of astronomy, meteorology,
and planetology depends acutely on a continued advancement in the optical technolo-
gies. The scientific potential of optical instruments operating in space is evident
throughout a whole spectrum of applications as in the areas of astronomy; earth re-
mote sensing and resource conservation to better man’s existence; weather prediction
for his safety and convenience; and further manned exploration to extend his knowledge
of the origin and nature of the Earth, the sun, the stars, and the universe. In addition
to these applications, a means must be found to return this information to Earth at high
data rates from long distances in space. All of these applications require advancements
in optical technology which are beyond the current state-of-the-art.

Recognizing this technological gap, the National Aeronautics and Space Administration
and more specifically the Office of Advanced Research and Technology has instituted
numerous and varied optical programs seeking the needed advances. For maximum
benefit, many of these programs will require space testing. The Optical Technology
Apollo Extension System (OTAES), a program which unifies these multiple objectives
through a sequence of laboratory, field, flight, and orbital tests, is described herein.
The philosophy of this program circumvents the shortcomings and high risks involved
when technology is advanced by brute force methods.

A set of spaceborne optical technology experiments and an associated sequence of
supporting technology advances have been identified as essential and will advance the
national optical capability. Alternative methods of providing NASA with planning flexi-
bility for implementing this program are described, and the need for a unified, overall
optical technology development and space test program is documented.

As this study progressed, it became clear that first considerations must be given to

those technological developments which require space tests, since these will be the

pacing items. It also became evident that an integrated, comprehensive development

plan must be implemented which will detail both (1) those advances which require space
testing and (2) those which can be accomplished on Earth. But perhaps the most signi-
ficant revelation of this study is the time scale of a thorough, scientific tempo of de-
velopment. The program of optical technology development which we have recommended —
and which we believe to be sensibly minimal in scope — will require up to 7 years.




An urgency is evident which would best be served by prompt recognition of the need
for an OTAES Flight Program.




II. PROGRAM PHILOSOPHY

During the course of these initial conceptual and feasibility studies, it became in-
creasingly clear that identification in detail of an integrated development plan for space
optics technology would be extremely fruitful. In developing this plan to maintain this
nation’s lead in space, first consideration was given to those technological develop-
ments which require space tests, as these, along with the necessary prerequisite
ground test, will be the long lead time elements of the development program. See
figure 1. Consequently, the first logical step in the development of the overall plan
is to isolate those requirements which need space tests and prepare an experimental
test program to satisfy these requirements. The results are highly revealing.

1) Optical technology must now be developed in a more organized and logical
manner.

2) A number of feasible experiments can be implemented which will provide
required technological advance toward national space goals.

3) Because of its logical flow structure, it imposes an economic discipline
upon itself. s

4) Because it is organized and well-planned, it offers assurance of application
reliability.

5) Because there are time constraints on attaining scientific knowledge, this
technology must be advanced now.

With this underlying philosophy, the OTAES studies have proceeded to: (a) reduce

to quantitative form those space scientific objectives which require optical technology
such as astronomy, meteorology, earth remote sensing, and interplanetary missions;
(b) state the technology requirements for these objectives; (c) identify alternate solu-
tions to these problem areas; (d) formulate space experiments to achieve the above
objectives; (e) define the key ground development programs needed to support such
experiments; (f) conceptually integrate these experiments intc space packages under
realistic spacecraft and mission requirements; and (g) describe an overall technology
plan showing development milestones in the earth-based program, schedules for each
individual experiment, and master plan alternatives for the overall experiment pro-
gram to achieve the technology objectives.
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III. CONCLUSIONS
The major conclusions of Part I of OTAES study are presented for convenience in six
categories. These conclusions form the basis for the recommendations appearing in

the next section.

1. Commonality

There is a broad commonality of the optical technology needed for astronomy, for
remote sensing of the Earth, for meteorology, for planetary observation, and for
space optical communications. That is, there is a commonality of application. See
figure 2.

If the special scientific and government groups associated with each of these applica-
tions were to develop the technology required for their particular interest, the resulting
programs would overlap and no one of them could be as effective in providing timely,
reliable, and economic space optical technology, and NASA would find itself paying
twice for its technology. Moreover, there are optical instruments which would be
desirable to more than one of these special interests but whose development can be
more fully justified because of the multiple applications. Consideration of the tech-
nology from the standpoint of its application, therefore, in two ways forcefully compels
the conclusion that a single technology development program must be instituted and
sustained.

There is also a commonality of development programs. For the optical technology
which requires space testing for its development, significant advantages are gained

by flying the experiments in groups even though each of them could be flown singly.
For instance, the nine propagation experiments require identically the same equipment
for their performance.

In summary then,
° The needed optical technology is common to all of the potential applications.

e The needed optical technology leads to common development experiments
and programs.

e This commonality strongly favors a comprehensive integrated development
program.

2. Completeness

The OTAES contract is limited to consideration of the technology which leads to space
testing. Increased emphasis by NASA is needed to develop an orderly program for
advancing the optical technology not covered by the present OTAES contract. A better
statement of this conclusion is that a comprehensive, orderly program for optical
technology should include in proper perspective both that part which leads to space
testing and that part which does not. -




X118 ASolouyos], Jo £J1[BUOWIWO))

LNIWIAINDIY Jorvw XN

dIHSNOILY 133 INYVDI4INOIS ()

'z 2andrg

dIHSNOILY 13 Mvan [T

v
v

v

v

-4

HdV¥903LD3dS 11T
AHAVYOONON0OD AN

YUIWYD 8OHISOHd
YILIWONUAJYILNI LOYId ANEYd
43 LIN0YIJUILNI NOS TIHOIN
JIVSOW ONILYY9 JALLD3r90
¥01I3SSIq

1%
e
€€
(4%
1%
e

$3DIA3Q
ANVIIXNY

1

<4 <44
334

<1394
<1<

SILYH JONYY

NOILd¥O0SEY 2 ONI¥ILIVIS
NOILONNL ¥IJISNVAL DIYIHASONLY
NOI112313qQ INAQOYILIH
NOILD313a 1J3¥id

SISV

LIe
d

° ql
aq  <{<dld jada

g [aiq|
olq

qe

<o
g ® |o
<] | [Add]d

< <4

ONINNYIS JOVAI TVIINVHOIW
SNOISTINWI OLOHd JAILISNIS ANX
ONIQA0I3Y DIHdV¥O0LOHd
ALIDVdYD V.Lva HOIH

SNOISTINWI Ada

S401J3130 GIYVAUANI dv4d
SIAOHLYD OLOHd VIdV 394V
*13Q D1¥1J3130L0Hd aNvEavOoNd
S3ENL JOVWI TIATT MO

S39NL JOVNI NOILNT0SIH HOIH

RIIIERE|X

1z
o
6l
8t
Ll
9l
Sl

$¥0123130

<44

44

= L
dlela

<

<1<
o4
o4

NOILYSNIdWOD NOLLOW 39VNWI
NOLLISINDDV

SINDINHI3 L NOILYI0S]
S40LD3343a Wv38 INIY
SHOSN3S dO¥YI INI4

14
£l
43
Ll
ot

ZO_.P<N_.=md<._.m
TJO¥LNOD

4[4 4q] | K4
d]ejeqq |dq
44

Qo 11dd |04 |dAq] |9

<]

oleieie]| |ofel]
I3 FIqeid 1] o]00/

goge

LIIAAGe Q4 QA9 [ KQ [«

<Jojolo]o| [ole|e

SYOLYNLDV LNIWIIVIdSI T TYWS
NOILVI0SI HONNVT

CEREELL

ANINAOT43A NOISIDIAd
ALIAV LS Wv3ag

NOILYSNIdWOD TYWAIHL
ONISNDO0d 9 LNIWNOITY

TJOYLNOD JANOIS YO AW
NOLLYQVY¥93d 3JvIANS JOYAIW

—_ NN OO

A907TONHD3L
340053731
39VdS

"dd'/b
2
» 4
&
0.
d’,(:’
6‘;70“
:704’

2
S‘go
)
Ay

/& %)
Y
% ) 70?0
:&
A,
&4 ’0/4/
I,
by 4 ;’%

S o

4o
5‘4,0/
2 <.
&
Ay 43
do
%y

"‘”O/

&,
33’”,’70 )

ONISNIS
3Lon3y
HLAY3

A90T0403L3IN /AYVLINY IdHILNI ANONOYLSY 3DV dS

A90TONHI3 L




The ultimate responsibility for this planning, of course, rests with NASA, but the
needed program should so intertwine with the OTAES program as to necessitate the
participation by the OTAES contractor in the technology planning.

A fuller treatment of technology now excluded from OTAES study by contractor spe-
cialists should be defined so as to take advantage of the potential experiments which

do not qualify for space testing but are nevertheless important elements of a compre-
hensive program.

3. Experiment Program

The OTAES has identified 15 experiments which are recommended for flight. Illus-
trative experiment concepts have been synthesized for the purpose of establishing
individual experiment feasibility, compatibility within logical groupings of related
experiments, and practicality within the context of supporting technologies. In
essence, these studies have bounded the problem. The results show that an OTAES
would make a significant and needed contribution to the national space program, that
OTAES is technologically and economically feasible, and that the OTAES mission
concept imposes no extraordinary support requirements. These conceptual studies
have identified critical development areas and test programs which must precede the
construction and launch of an orbiting optical technology experiment system. However,
it cannot be said that these experiments and the OTAES alternative missions are truly
designed. The effort has only been carried to a point sufficient to assure the feasibility
and practicality of an OTAES development program and to be certain that such a pro-
gram would be a significant contribution to the national space goals.

The recommended experiments are:
1. Optical Heterodyne Detection on Earth.
Optical Heterodyne Detection on the Spacecraft.
Direct Detection Space-to-Ground.
Communication with 10 Megahertz Bandwidth.
Precision Tracking of a Ground Beacon.
Point Ahead and Space-to-Ground-to-Space Loop Closure.
Transfer Tracking from One Ground Station to Another.

Phase Correlation Measurements.

© 00w N o s W N

Pulse Distortion Measurements.

—
[=]

Primary Mirror Figure Test and Correction.

[
[

Thin Mirror Nesting Principle and Erection and Alignment of Large Optics
in Space.

12. Fine Guidance.

13. Comparison of Isolation Techniques.



14. Interferometer Systems.

15. Segmented Optics.

4. Missions

Nine different missions involving four different launch vehicles were evaluated from
the standpoint of performing the recommended OTAES experiments. Four of these
were selected as candidate missions. Furthermore, it was concluded that all of the
experiments recommended in this study could be performed on a synchronous manned
mission. Alternatively, all experiments except one, Interferometer Development,
could be performed on a combination low earth orbit manned mission and a synchronous
unmanned mission. Within certain constraints a synchronous orbit coupled with the
judicious choice of ground station configuration permits all of the experiments to be
performed on a single ground station complex including terminals for point ahead and
tracking transfer experiments.

A preliminary time line analysis indicated that the manned portion of a synchronous
mission could be accomplished in 15. 5 days. During this period all recommended
experiments could be performed at least once.

In summary,

° There are several alternatives for performing the recommended experiments,
and

e None of the alternatives require major spacecraft or space vehicle develop-
ment, and

e One ground station complex link is sufficient.

5. Spaceborne Support

An evaluation of the required spacecraft support indicated that all experiments could

be performed with modified Apollo hardware characteristic of AAP missions. Although
more than 20 configurations were considered, it was concluded that the performance

of OTAES experiments would not require a major spacecraft development program.
Apollo modifications planned for other missions would satisfy most OTAES require-
ments.

Similarly, spacecraft subsystem requirements could be satisfied with either existing
or planned technology. For instance, for a mission in which all experiments are
performed on one flight, the preferred power system would use oriented solar panels
to augment the existing Apollo systems. Furthermore, the spacecraft attitide stability
should be provided by control moment gyros with reaction jets used for periodic dump-
ing of accumulated angular momentum. Although the control moment gyros would
represent a modification to Apollo spacecraft, this specific technology is advancing
rapidly independent of the OTAES program and, in fact, might well be adapted to the
LEM Ascent Stage for such programs as the Apollo Telescope Mount.




In simmary,

e  All flight experiments can be performed with modified Apollo hardware
without a major spacecraft development program, and

® Subsystem technologies are adequate to support the experiments.

6. OTAES Schedules

Given a pre-OTAES research and development program as identified in the OTAES
study, the maximum required time to the first OTAES launch capability is approxi-
mately seven years. The pre-OTAES research and evelopment program would require
a maximum of three years prior to OTAES preliminary design. There is very small
variation in experiment availability, which reflects into a small schedule variation for
each of the missions. Figures 3 and 4 give the experiment availability for 16 recom-
mended experiments. Figure 5 shows the flight data for the four recommended mis-

sions. The pacing item in experiment availability is the telescope development design
and fabrication. :

In summary,

° The schedules for flight experiments call for lead times that are long
enough to impart some urgency to getting started now.
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Iv.

RECOMMENDATIONS

As a result of the OTAES Phase I study, a number of recommendations have been
prepared. These recommendations are presented by categories.

General Optical Technology

Defintion of the projected optical technology needs in each of the application areas
of astronomy, earth remote sensing, meteorology, and optical communications

A study should be initiated to identify those technologies not in specific support
of flight experiments. This will complement the optical technology associated
with the OTAES experiments.

An overall optical technology program plan should be developed to relate these
two programs and others which will have impact.

OTAES Flight Program

1.
should be continued.
2.
3.
A, Experiments
4.

It is recommended that 15 space experiments be flown. These are:
a. Optical Heterodyne Detection on Earth.
b. Optical Heterodyne Detection on the Spacecraft.
c. Direct Detection Space-to-Ground.
d. Communication with 10 Megahertz Bandwidth.
e. Precision Tracking of a Ground Beacon.
f. Transfer Tracking from One Ground Station to Another.
Point Ahead and Space-to-Ground-to-Space Loop Closure.
h. Phase Correlation Measurements.
i. Pulse Distortion Measurements.
jo Primary Mirror Figure Test and Correction.

k. Thin Mirror Nesting Principle and Erection and Alignment of Large Optics
in Space.

l. Fine Guidance.
m. Con.parison of Isolation Techniques.
n. Interferometer System.

o. Segemented Optics.



A continued effort in defining new OTAES experiments should be maintained.

In particular, detector technology requires further investigation as an area in
which fruitful space experiments might evolve.

The development of experiment justification should be continued and further
supported by the new analyses recommended as necessary in the continuation

Four candidate spacecraft are recommended for further study to identify the con-
figuration which most nearly meets all of the requirements. These are:

a. Modified Apollo synchronous spacecraft.

d. Near earth orbit LEM spacecraft.
A detailed study of the use of the Apollo spacecraft on a manned synchronous
The feasibility of implementing some of the recommended experiments should be
explored in greater detail. For instance, a control and stabilization simulation,
a dynamic analysis, and a thermal analysis should be performed on the integrated

configurations developed in this part of the OTAES study.

Four candidate missions are recommended for the OTAES program. These are:

d. Single-launch, dual-mission combining the unmanned synchronous and
manned low earth orbit missions.

‘These mission and spacecraft candidates should be investigated for the purpose

of determining an optimum OTAES flight program.

Further definition of OTAES support requirements such as the ground station,

5.
6.
7.
of OTAES work.
B. Spacecraft and Missions
8.
b. Synchronous spacecraft.
¢. Dual mission spacecraft.
9.
mission should be undertaken.
10.
11.
a. Manned synchronous misssion.
b. Unmanned synchronous mission.
¢. Manned low earth orbit mission.
12,
C. Operations Analysis
13.
data handling, etc. is needed.
14.

Further definition of the man/experiment interface is necessary to coincide with

the level of experiment conceptual detail and the integrated experiment groupings
developed in Part 1.

14




15.

16.

17.

18.

‘Although the experiment concepts described in the report are feasible, they

are not necessarily optimum. In particular, a consideration of alternatives which
would enhance the overall OTAES probability of success (insure maximum tech-

nological data) is needed. A series of conditional probability analyses are needed
which, when assembled, will relate success in all flight phases (launch, injection,
experiment, etc.) with mission, spacecraft, and experiment grouping alternatives.

Specific elements of the above generated reliability estimates should be compared
to reliability estimates for accomplishing the technological experiment objective
directly in the application without the intermediate step. Such a comparison would
yield a quantification of the OTAES technological gain.

It is recommended that the high reliability standards of the manned space program
be maintained in all the space areas through the development of optimum tech-
nology to insure maximum national support of these future potential space goals.

Further analysis of the space operational environment for individual experiments
is required. In particular, the contaminant environment and the influence of con-
taminant particle size and distribution on mirror degradation characteristics
should be determined.

Planning

19.

20,

21.

22,

23.

An OTAES technical plan should be developed which will describe the tasks re-
quired in the following OTAES phase and a plan for accomplishing these tasks.

An OTAES preliminary facility plan should be developed which defines the nature
and extent of the facilities required for the OTAES flight program.

An OTAES preliminary test plan should be developed which indicates the nature
and extent of test and checkout activity for the OTAES flight program.

An OTAES preliminary schedule should be prepared which will establish a
feasible timing for development of the OTAES flight program and will identify
the critical paths in this development and the urgency of timing of the specific
development tasks.

An OTAES preliminary cost plan should be developed which will indicate the cost
of the OTAES alternatives.



V. RECOMMENDED OTAES EXPERIMENTS

The experiments developed in the course of these studies have been categorized into
three groupings for the purpose of generalized description.

Optical Propagation Group

The atmosphere has been studied for centuries from earth-bound observatories using
the noncoherent light from stars. Rockets and satellites now permit remote measure-
ments of the Earth and its atmosphere. Over the past decade, the national space pro-
gram has accumulated many such data; and a large portion of these data were measured
in the ultraviolet, visible, and infrared. To make optimum use of remotely sensed
data, more must be known about the physics of the atmosphere and the effect of the
atmosphere on optical signals passing through it. As a tool to advance our knowledge
in these areas the laser possesses two highly useful properties: spatial coherence and
temporal coherence. A laser transmitter can emit an extremely narrow, intense beam
of monochromatic light. Furthermore, since they operate at frequencies sensitive to
atmospheric absorption and scattering and variations in the index of refraction, the
laser is the most promising instrument for obtaining a better understanding of the
turbulent structure of the atmosphere.

To study the physics of the atmosphere using a spaceborne light source is to study the
character of a space-ground transmission path. The establishment of such a path is
tantamount to establishing an optical communication link. Indeed, the most promising
operational application for lasers is wideband communication over extremely long
distances. But, to achieve this goal, a foundation of spaceborne optical communication
engineering data must be obtained. The propagation experiments, singly and as a
group, are advanced as a means for studying the Earth’s atmosphere as a prerequisite
to the development of alternatives in the field of communication.

The optical propagation group is comprised of nine experiments. This group is
pictorially represented in figure 6. The conceptual details of the spaceborne telescopes
are shown in figures 7 and 8. Four of the experiments are directly associated with op-
tical communications. Collectively, the space-to-ground communication experiments
provide a comparison of the fundamental communication techniques: direct detection
and heterodyne detection. Also, the heterodyne experiment, which is performed both
in space and on the ground, is formulated on a scale sufficient to allow comparison be-
tween laser and radio frequency communication. Direct detection, which has the ad-
vantages of system simplicity, lenient pointing tolerances, and an advanced state of
ground based development, is also the subject of a proposed experiment. Intimately
related to the detection experiments, but operationally distinct, is the 10 megahertz
bandwidth communication experiment in which the objective is to actually compare the
wideband optical communication alternatives.

Three experiments of the optical propagation group are concerned with the develop-

ment of the technology required for eventual optical communication from deep space.
To utilize the narrow beams in which the laser power may be concentrated requires

16




Figure 6. Spaceborne and Ground Equipment Concept for the Optical Propagation
Experiment

17
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a pointing capability commensurate with the beam divergence (e.g., 0.1 arc-second).
Achieving this accuracy requires a precise reference from the ground station to the
spacecraft. This reference is established by precise tracking of an upcoming laser
beam. Such tracking is the subject of one experiment. It should be pointed out that

this tracking is required to support the other experiments, thus no additional space-
craft equipment is required.

An important element of the communications experiements is to simulate, as nearly
as is practical, communication conditions from deep space. For tests whose alternate
objective is the development of operational techniques, it is important that the tech-
nology be exercised under realistic conditions since communication from the planets
will require, among other things, the transfer of tracking from one ground station to
another. The objective of one of the proposed experiements is to develop this capa-
bility, Another particularly difficult problem with a two-way communication link with
deep space is the lead angle which must be incorporated into the transmitter beam,
Caused by the relative velocities between the spacecraft and the ground station and the
relatively long transit times, the lead angle requirement may typically be as great as
40 arc-seconds for a Mars flyby.

Two experiments of the optical propagation group are designed to explore important
properties of the atmosphere in order to first test a technique for measuring phase
variations as a function of time, with a highly monochromatic laser source and, second,
to study phase and amplitude characteristics of the atmosphere as a transmission
medium.

Telescope Technology Group

The second major group of proposed experiments is designed to advance space telescope
technology. Figure 9 is a detailed experiment well concept which facilitates this group.
The outstanding goal in space astronomy, recommended by the Space Science Board, is
the 3-meter (120-inch) telescope. The telescope aperture, by virtue of its size, es-
tablishes its light gathering capability, The light gathering power of this telescope is
such that if complemented with a very high resolution capability, i.e., to its diffraction
limit, it will permit astronomical observations not heretofore possible,

However, telescope resolution, exclusive of the particular optical configuration, is
affected by mirror and/or lens surface shape deviation and smoothness, optical sys-
tem alignment, optical materials and coatings, and lens material homogeneity, The
most formidable problem is that of maintaining primary mirror diffraction-limited
quality. To do this requires sensible and precise techniques for determining the de-
viation of the mirror figure from its required shape and, if a deviation exists, suit-

able methods for correcting the mirror figure so that the undesired deviations are
removed,

Further, a mirror may return to its figure over most of its surface but fail to com-
pletely return on the balance. An evaluation of this condition under a space condition
would be the only way to ascertain that the ground test conditions were not the cause
of the discrepancy from prediction. In addition, a study was made of various methods
for simulation of a zero g environment on Earth. Each approach reviewed had serious
drawbacks resulting in a need for space testing.

20



[1oM juowtIedxy JOIITN ATBWItad

"¢ 9an3yg

l (W »90° 9
NI 007091
NOISNIJSNS (W 2£0°2)
o9 oO.:E/ INIO £ haoa
M — h
/\\\u\- O
- t\\H\\\ - — O
— 1 e ! 1404dNS
- AVANODIS
W NIHL ¥OLVNLDY T ° JOUIW A
1531 30w SRIDIFOWHMHL -
(W res't) R
N1 00709 = R (W ¥zs't)
JOHIW AYVWIAd — N100°09
\ ~C -
- i TIOWW 53] NI YORIIW ;
SIXV 30%uIW : : dAL ASSV INIWNODITY
JOUAIW AAVANODIS m
\ INVId o
N 1WWI ; e W zoL"
T JJ//s! N . .
SAN3 H108 T S NI 00°%
Q3Z1¥NSSIud [ —— y \ N— ey
“NON HOLVH 7 AN ;
TI0H1¥04 Cviawozz )
— VI3 "NI 00°0S
ONILNNOW YOUSIW ABVWINd
J18VHOVLIIQ D
(viaw z92°) w_._os___z .
*VIG NI 00°0€ AdvWidd (dAL) JIATVA Q3318
JORIIW AIVANODIS
(viaw z92°)
VIQ N100°0 /
JOWIW AYVANODIS
NOLVINIWNYLSNI
INIJWNOITV aNV
1531 330914 IVIILIO
f
SRR AN A A A F Y [ - N = Rl




One possible solution to these problems is the use of a segmented primary mirror

in the telescope, It is proposed as part of OTES to design, orbit, and test a small
segmented telescope. The segmented telescope performance will be tested both by
astronomical photography and by figure testing, A comparison of these results to
ground-based results and predictions on the same telescopes will then allow a determin-
ation of the environmental affects on segmented mirror performance and, thus, of the
merits of the concept., Another experiment proposes techniques for aleviating the
figure control problem. By uniformly supporting a thin mirror during manufacture

to eliminate the gravity-induced distortion, the mirror will tend to return to its proper
figure in a low-g space environment, Figure 10 illustrates a possible future space
operation including such a thin mirror concept.

Stellar Oriented Experiment Group

Experiments of this last major group are grouped together because, from an operation
viewpoint, they share common subsystems, Figure 11 is a detailed telescope concept
which facilitates this group.

The fine guidance experiment will serve the purpose of space development and testing

of a highly stable star pointing system applicable to large telescopes (at least 100 inches),
For this experiement the comparable performance is a pointing system stable to one
one-hundredth of one second of arc when guiding on dim stars (+ 10 mag A0 star) against
different background brightnesses.

The requisite testing and data gathering (of the proposed experiment) essential to the
design of a large telescope fine guidance system include: evaluating the pointing stability
as a function of star color temperature and magnitude; evaluating two types (at least)

of fine sensors; testing reacquisition and fine guidance on consecutive half orbits (which
is important in near earth orbit missions), and evaluating different fine beam deflectors,

The objective of the second experiment in this group is the development of isolation
techniques, Precise stabilization of a space telescope, as discussed above, requires
isolation from man-produced distrubances originating in the spacecraft, Several
techniques, all of which are designed specifically to take advantage of zero g space
conditions, are proposed for experimentation. One of these techniques, that of spring
suspension, is depicted in figure 12.

The last experiment in the stellar oriented group is the stellar interferometer experi-
ment, A stellar interferometer stationed in earth orbit, where beam vibration and
atmospheric turbulence can be minimized, will be a valuable tool for increasing our
knowledge of stellar and galactic dimensions, Cepheid characteristics, and mechanics
of stellar systems,

The full effects of the space environment on the instrument cannot be obtained on Earth
nor can they be adequately simulated in the presence of gravity, Data are also needed
on the combination and transmission of the many disturbances as inputs to a beam
analysis model. In short, comparison of beam concepts must be accomplished in space,
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VI. DEVELOPMENT PLAN

One purpose of the OTAES study is to provide NASA with the comprehensive plan for
the fulfillment of optical related space science technologies. As a guide, the OTAES
technology development plan used two broad NASA goals: a large manned orbiting
telescope and an interplanetary optical communications system. Most of the optical
technology needs detailed in the first part of the OTAES study are satisfied by the
achievement of these two goals.

A summary development plan was laid out for these two goals. Figures 13 and 14 are
the plans for the manned orbiting telescope and interplanetary optical communication
system, respectively. Specific OTAES experiments as well as prerequisite ground
based testing to support these experiments appear in this schedule plan. Ground
based testing not related to the OTAES experiments is identified by indicating specific
technological areas in which such testing will be necessary. These tests, however,
have not been time-phased.

It is evident by inspecting these plans that the OTAES flight experiments comprise a
necessary step in the attainment of these planned goals. The technology advancements
required to attain the long range goals are of such magnitude and complexity that a
technology quantum jump approach does not appear feasible and that space experi-@nts
are a logical step to insure continuous technology advancement in all disciplines.
Although the experiments can be designed to be flown singly and independently, much
more will be gained by launching them in groups on a single vehicle or in closely
timed launches.
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